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Speech Starter: Speech Input Interface Capable of
Endpoint Detection by Using Filled Pauses

MasATAKA GOTO,t KoJI KITAYAMA, 2 KATUNOBU ITOU*t.08
and TETSUNORI KOBAYASHIt

This paper describes a speech interface function, called Speech Starter, which enables
noise-robust endpoint (utterance) detection by having a user utter a filled pause (a vowel-
lengthening hesitation) at the beginning of each utterance. Most current speech recognizers
first detect a utterance with its endpoints and then recognize the detected utterance. When
speech recognizers are used in a noisy environment, a typical recognition error is caused by in-
correct endpoints because their automatic detection is likely to be disturbed by non-stationary
noise. Speech Starter enables a user to specify the beginning of each utterance with an in-
tentional filled pause (e.g., “er...”), which is used as a trigger to start speech-recognition
processes. Because a filled pause contains a lengthened vowel with high power and can be
detected robustly in a noisy environment, practical robust endpoint detection is achieved.
Speech Starter also offers the advantage of providing a hands-free speech interface with a
microphone only, and it is user-friendly because a speaker tends to utter filled pauses at the
beginning of utterances when hesitating in human-human communication. Experimental re-
sults with seven different noisy environments show that Speech Starter achieved the higher
detection performance than conventional endpoint detection methods, especially at the SNR
of 10dB.
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Fig.1 Determining the beginning of an utterance.

000000000000000000000000
000000000000000000000000
0000000D000D000D00000000000
000000000000000000000000
000000000000000000000000
00000000000 000000000D000Dn
00000000000 000D0000000000n
0000D0050ms 00 130ms 000000000
00000000000000130ms 00 200ms O
000000000000000000000000
000000000000000000000000
000 170ms 00000000 OODODOOODOO
2.3 000000000000 OO000
000000000000000000000000
0000000000000 000000Y ooDo
oDoooYoooo0oO0o0000D00o0o0ono
0000010ms0000000000000000
0000000000 20000000000000
000000000000 200ms00000000
000000000000000000000
(1) DO00D0OO0DOO0DOOOOOD
00000000000000000000
0000000000000000000YYo
02(k)00000000000000000
000000000000 00000DO0Dn
000000000000 000000O00on

03 0O0oOooooooo
Fig.3 Grammar for Speech Starter.

000000000000 300000000
0000000000000000000000
00000000000 O0Fille0 00000
00O0000O0OWord0OOOOOOOODOO
OO00O0OShort paused 0000000000
O000Silenced 0000000000000
0000000000000000000000
0000000000000 00MMO0o0gn
0000000000000 00000000
00000000 Do0oO0oon
00000000000 00000DDOoD
000000000001 000000000
000000000000000000000
ODO0O00o0Oo0oooooooo*™Yooon
U002(Mh)0000M000000ooog
000 2000000000000000000
02(0b0000000000000OmMO0
00000MO000000o0O0ooooonon
0000D0MO00DDO0000oooonon
00000D000000D000D000000D
00000000000 DO00DO00DOO0n
00@MO00000000o0000ooooo
0000000000000

3. O O

40000000000O0O00COOOCOOOO
ooboooobooooocoobooooocobooooon
ooooobooooooooooobooboonoooon
O00000oOoO0oooooOooLANOODOOOO
gooobobooooooobooboooooooooo



Vol. 48 No. 5

IAudio signal inputI—PI Filled-pause detector I

Detected filled pause:
v CAEEHT IV

Endpoint detector |

The beginning and end 4
of each utterance

Maximum likelihood
hypothesis

Feature o
extractor [ -~'| Speech recognizer I-PI Graphics manager I

04 0OOO0ODDOO
Fig.4 System architecture.

o0oo0OOoOooooooOooooooooooood
o0o0o0O0o0ooooooooooooooooood
RVCPO Remote Voice Control Protocold? 00 O
O00000ooooooooooooooooog
O000000ooooDooooooooooood
Jo00oopooogcsrRCcoooooooooooon
00000000 julian 3.3betal® ™ 0 RVCP O
ooooOooooOoDOoOoOoOooooooooood
goooooo

goooooooOoOoOooOodooogoooooo
000000 Audio signal input0 00000000
0000o0oo0ooooooooooooooooooo
00000000 Filled-pause detectord OO OO0 O
0 00 Feature extractor0D 0 0 OO0 O0OCOO0OOO
O00o000oooooooOooooooooood
O O Endpoint detectorD0 000000000000
0000000000000 000ooooooooog
000000 Speech recognizer0 0 0000000
O00000ooooooOoooooo MFCCO mel-
frequency cepstral coefficients0 000000000
O0o0ooooooOoOoOoUoOoOooooooooog
o0oo00oooOooDoOoooooooooooood
000000000 00oDO0ooooooooooog
00000 200000000000000000
00000000000o0o0o0o0ooooooooog
00000oogsoooooooooooooogg
0000000000000 OQOC Graphics manager[d
oooooo

Y 000000000 00000000000000000000
gooobo0o0o0o00000000O0O0O0O0O000O0000O0
goo0oo0oO0oo0oo0O0oboO0ob0O000000 RVCPOOOD
goooooooooooobooooOooOOOOOOOOOOO
goobo0o0o0o000000000OO00O0O000O00O0O0O0
goooooooooooooooOooOooOoO0OOO0OOO0O0O00
goobooO0oOoOooooooOoOoOooooo

oooooo

2005

4. 0 OO0

00000000000000000000000

00000000000000000 SNRODOOD

000000000000004000000000

0000000O0000000

(1) 0O0OoOoOoo

(2) 00D0O0OOOOOOOOOOOOOOOOO
oooooooogb

(3) CSRCOODDOOOOOOOODOOOOOD
000 julian'®'¥ 000000000000
000000000000000000000
O0000000O0000000000000
ooog®

(4) 00D00OOOO0O0OOOOOO0OOOOO0O0
000000000000000000000
0000000000000

000000000 (4)00000000000

000000000000000000000000

00000000000rP 000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

00D00000MOO000D00D000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

00000000 15 00000000000000

000000000000000000000000

ooo

(i) 000 (3)000®0O000O0od

(i) 00000000000 0000000000
000000000000000000000
00000000000 MmMO0000non
0000000000

(i) 000000000000000000000
000000000000000000000
0Oooooooooo

(iv) 000000000000000000000
000000000000000000000
000000000000

U0 DpOoOOOOO0O0000000000000000000000
gooboO0oOooOoooOOoOoO0OOoOoOo0bOO0boOOoOOoooOoon
0000000000000000000 CasperIT] Maxwelll)
0000000000000000000000000000
gooboooOoooooooooo



2006 goooooooo

05 0D00O000ODOOO0ODOOO0OOOO0O0OO
Fig.5 Grammar for the keyword-based method.
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